UV-INDUCED CYCLOBUTYL-PYRIMIDINE-DIMERS AND THEIR PHOTOREPAIR. IN ROMANIAN CULTIVARS OF BEAN (PHASEOLUS VULGARIS L.). by BARA, CSILLA IULIANA
Bulletin USAMV-CN. 63 - 64/2007  
 
 
UV-INDUCED CYCLOBUTYL-PYRIMIDINE-DIMERS AND THEIR 
PHOTOREPAIR. IN ROMANIAN CULTIVARS OF BEAN (PHASEOLUS 
VULGARIS L.). 
 
Băra Csilla Iuliana 
 
University ”Al. I. Cuza” Iaşi. Faculty of Biology.  
22. Carol I Boulevard. RO 700505; Fax: + 40 (232) 201472. csiulia@yahoo.com 
 
Key words: UV-B. bean. DNA –repair. sample. cultivar. CPDs. 
 
Abstract: This review summarizes the early effects and responses of low doses of UV-B at the 
molecular level. in the case of four bean cultivars from Romania. The DNA molecules of the plant cells are 
damaged by UV due to the formation of different photoproducts. such as cyclobutane - pyrimidine dimers. 
(CPDs). which in turn can be combated by specialized photoreactivating enzyme systems. The investigation 
were done by using ELISA with specific monoclonal antibodies. CPDs formation increased during UV-B 
exposure. and photorepair led to descrease. 
The choice of Phaseolus vulgaris as biological material for investigations. can be explained by the 
importance of seeds and legumes in humans nutrition. being considered since centuries the poor peoples “meat” 
because of the increased level of high quality proteins. and the high energetically level. and due to the 
importance in soil amelioration. being used as very good previous culture plant for many other species.  
 
INTRODUCTION 
 
Ozone selectively filters out the shorter UV wavelengths. so the most important 
consequence of the ozone depletion is an increase in the amount of UV-B (280-315 nm) 
radiation reaching the earth’s surface (Björn et al.. 1999a). The shift of spectral UV 
composition towards shorter wavelengths has on higher plants damaging effects. including  
DNA damage. common represented  by  formation of cytotoxic cyclobutane pyrimidine 
dimmers (CPDs). which can be reversed by splitting of CPDs by subsequent exposure to UV-
A - blue light radiation (360-420 nm). phenomenon termed photoreactivation  (photorepair). 
via DNA photolyase (PRE). PRE activity was shown in several plant species. its activity 
being phytochrome regulated in bean hypocotyls (Buchholz et al.. 1995). 
DNA damage and repair. illustrated by kinetics of CPDs formation and repair has been 
investigated in several plant species. but information of behavior shown by different cultivars 
of the same species can be important for the study of individual variability in a population. In 
the present study. we examined the formation and photorepair of DNA damage induced by 
UV-B radiation in four Romanian cultivars of Phaseolus vulgaris L. 
 
MATERIALS AND METHODS 
 
Plant Material and Light Treatments 
Seeds of four bean (Phaseolus vulgaris L) cultivars (Diva. Ardeleana. Avans. Star). 
obtained from S.C.D.A. Podu – Iloaiei Iaşi Romania. were selected and sown in 300ml humid 
Vermiculite in plastic box. Seedlings were germinated and grown at 25°C for 4 days with 
controlled conditions of humidity and light/darkness alternation. in a phytochamber.  For UV 
irradiation. the hypocotyls were cut longitudinally in halves. placed with the cut face on wet 
filter paper. and covered with a 3 mm quartz plate penetrated by UV or transmission WG360 
cutoff filter (50% transmission at the given wavelengths. cutting completely UV-B. 
representing Control variant for each cultivar).  
The hypocotyls halves were then depending of experimental variant frozen in liquid 
nitrogen for estimating CPDs formation. or subsequent irradiated with UV-A for photorepair. 
Light Sources 
Short-wavelength UV radiation was obtained from a Philips TL 40-W/12 fluorescent 
tube (λmax 310 nm. fluence rate 4.81 Wm-2 for 20 cm irradiation hight). This light source was 
used unfiltered (covered with quartz) or filtered through 3mm Schott cutoff filters (WG 360). 
 UV-A was obtained from Osram L36-W/73 tubes (3.3 W m-2). fluence rate 19.6  Wm-2 
for 20 cm irradiation hight. 
Irradiation time: 30 minutes for UV-B and 60 minutes for UV-A. 
DNA damage and photorepair 
Six hypocotil halves for each cultivar were ground for 3 minutes using sand 0.5 ml of 
CTAB buffer. DNA extraction was carried out essentially as described by Takeuchi et al. 
(1996) using a CTAB-based procedure. DNA damage was assayed by determination of 
cyclobutane pyrimidine dimers (CPDs) using a method adapted from Mori et al.. 1991. DNA 
samples were denaturized. immobilized on an ELISA (Enzyme Linked Immunosorbent 
Assay) plate. and CPDs detected using the primary TDM-2 monoclonal antibody and the 
secondary HRP antibody. The method is based on the detection of the primary bound 
antibody by the secondary antibody (Sigma. St. Louis) and measuring the absorbance at 490 
nm. CPD photorepair was assayed measuring the rate of disappearance of CPDs from DNA 
by activation of the DNA photolyase after exposing the samples to UV-A.  
The the rate of the CPDs photorepair in hypocotyls. were calculated as follows: 
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 where % Rep represent the percent of restored dimmers. Q- 
the UV-B treatment variant. R- the UV-B+UV-A treatment variant and K the Control variant. 
 
RESULTS AND DISCUSSION 
 
Regarding the action of the UV-B irradiation on the induction of CPD. the results 
showed that the level of UV-B had little influence on the amount of CPDs formed in 
hypocotyls in the case of the four Romanian bean cultivars (Fig. 1). UV-B radiation was 
probably effectively filtered by the UV-B absorbing compounds or CPDs were effectively 
photorepaired by the action of the DNA photolyase. Estimations of the rate of the CPDs 
photorepair in hypocotyls. indicate that. after 1h under photorepair conditions (UV-A 
irradiation) depending on cultivar. between 7.2 – 16.85 % of the CPDs disappeared (Fig. 2). 
This experiment indicate that the investigated bean cultivars presents a low sensitivity to 
increases of UV-B radiation. the photorepair. even if not effective enough to remove all 
CPDs. helps in avoiding the increase of DNA damage by this radiation.  
After extraction. the DNA containing samples were read at the spectrophotometer at λ 
260 nm respectively λ 280 nm. to check out if the proportion between the two obtained values 
are in the range of 1.8-2.0 which is an essential condition before following the next steps. 
Results were very similar for all the four cultivars. for all experimental variants. as shown in 
the Table 1.  
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Table 1  
Ratio between readings at λ 260 nm λ 280 nm 
 
Variants Cultivar 
Samples irradiated through WG 
360 filter 
(C) 
Sample irradiated 
through Q filter 
(Q) 
Samples irradiated with UV-B 
followed by UV-A irradiation 
(R) 
Diva 1.93 1.96 1.94 
Ardeleana 1.91 1.95 1.95 
Avans 1.96 1.95 1.86 
Star 1.91 1.95 1.92 
 
It was also observed that for each cultivar. DNA quantity increased due to UV-B 
irradiation compared with the Control. 
For each tested cultivar. on the ELISA plate. was placed 200ng DNA per cell. in three 
repetitions: one negative control variant (represented by TE buffer). the Control variant (C) 
represented by the WG360 filtered UV irradiated samples. the DNA lesion (Q) variant 
represented by UV-B irradiated samples. and the photoreparation (R) variant. represented by 
samples irradiated with UV-B followed by UV-A irradiation 
  
 
 
Fig.1 Average number of CPDs induced by UV irradiation at Phaseolus vulgaris 
 
 
After reading the ELISA plate at DYNEX.MRX at λ 490nm. for all investigated 
cultivars it could be noticed an increase of dimmers number following UV-B irradiation and a 
decrease after subsequent UV-A irradiation. because of photoreparation. as shown in Fig. 1.  
The percent of restored dimmers is 7.2% for Diva. 12% for Ardeleana. 23.6% for Avans 
and for Star 16.8%  (Fig. 2). 
Comparing the photoreparation efficiency for the 4 bean cultivars. it can be observed 
that from this point of wiev. the most resistant to the damaging UV-B action is Avans . 
followed by Star. Ardeleana. Diva. 
A possible way of explanation can be the distribution of dimmers leading to differences 
in photoliase accessibility (which is the cleavage enzyme). 
 
 
Fig.2. Efficiency of CPDs photoreparation 
 
Considering the average number of dimmers formed in the case of DNA lesions variant 
(UV-B irradiated samples) as maximal number which can be induced for the given cultivar 
(100%). it was calculated the percent representing the average number of dimmers which 
were not cleaved during photoreparation as shown in Table 2. 
Table 2 
Average number of dimmers which were not cleaved for each investigated cultivar 
 
Cultivar 
Diva Ardeleana Avans Star 
93.05 88.29 76.92 83.90 
 
 
The unexpected identification of dimmers also in Control samples. can be explained by 
the unspecific binding of thymine monomers or other azotate base to DNA. or the induction 
by UV-A in the case of a high energetic flux.  
 
CONCLUSIONS 
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1. UV-B had little influence on the amount of CPDs formed in hypocotyls hook in the 
case of the four Romanian Phaseolus vulgaris L. cultivars (Diva. Ardeleana. Avans. Star). the 
investigated bean cultivars  presents a low sensitivity to increases of UV-B radiation. 
2. The four investigated cultivars reacted very similar to the UV-B irradiation. showing 
a similar resistance against possible UV-B induced damages. 
3. For all investigated cultivars it could be noticed an increase of dimmers number 
following UV-B irradiation and a decrease after subsequent UV-A irradiation. because of 
photoreparation 
4. The photorepair. even if not effective enough to remove all CPDs. helps in avoiding 
the increase of DNA damage by this radiation.  
5. Regarding kinetics of CPDs formation and cleavage at DNA level. for the 
investigated four bean cultivars. the most resistans is Avans. than Star. Ardeleana and Diva. 
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